We studied the influence of abnormal glucose metabolism on left ventricular (LV) function and prognosis in 203 patients with acute myocardial infarction.
B A C K G R O U N D
Abnormal glucose metabolism is associated with increased mortality after acute myocardial infarction. This appears to be particularly attributable to an increased incidence of post-infarction congestive heart failure. A relationship between glucose metabolism and LV function could potentially explain this excess mortality.
M E T H O D S
In patients without known diabetes, glucose metabolism was determined using an oral glucose tolerance test before discharge. LV function was assessed using echocardiographic measurements (LV end-diastolic volume, LV end-systolic volume, LV ejection fraction, restrictive diastolic filling pattern, early transmitral flow velocity to early diastolic mitral annular velocity ratio [E/e=], and left atrial volume index) and by measuring plasma N-terminal pro-B-type natriuretic peptide levels.
R E S U L T S After adjustment for age and gender, a linear relationship between the degree of abnormal glucose metabolism was observed for each marker of LV dysfunction (p trend Ͻ 0.05) with the exception of left atrial volume index (p ϭ 0.10). During a median follow-up of 21 months, 32 patients died, and 39 patients met the secondary end point of death or hospitalization for heart failure. After adjustment for differences in LV function, as well as other relevant characteristics, newly detected, as well as known diabetes were independent predictors of both all-cause mortality (hazard ratios iabetes mellitus (DM) is a risk factor for the development of ischemic heart disease (1,2), and patients with DM who suffer an acute myocardial infarction (AMI) have a worse outcome than nondiabetic patients do (1, 3) . Furthermore, perturbations in glucose metabolism below the diagnostic threshold of DM are associated with a risk of ischemic heart disease that See page 600 exceeds that of patients with normal glucose metabolism but is lower than that of patients with overt diabetes (4) . Thus, the severity of abnormal glucose metabolism appears to represent a continuum that translates into a gradual increase in the risk of cardiac morbidity. Although fasting glucose levels have been demonstrated to predict outcome in nondiabetic patients with AMI (5,6), glucose metabolism may be misclassified in as many as 41% of nondiabetic patients with ischemic heart disease, when the diagnosis is solely based on fasting glucose levels (7) . The use of an oral glucose tolerance test (OGTT) has therefore been advocated (7) (8) (9) .
In patients with AMI, the increased mortality rates associated with DM seem especially to be due to an increased risk of post-infarction congestive heart failure (3, 10) . This suggests that abnormal glucose metabolism may play a pivotal role in left ventricular (LV) remodeling. It is, however, uncertain how various degrees of dysglycemia affect LV function in patients without known DM. Consequently, it is not known whether the relationship between dysglycemia and prognosis in patients with AMI is caused by underlying differences in LV function.
The aims of our study were to assess the relationship between glucose metabolism and LV function in the early phase of AMI, and to determine whether the adverse prognosis in patients with dysglycemia is attributable to LV dysfunction.
Study population. From August 2004 to June 2006, we consecutively included 203 patients admitted to the coronary care unit at Funen Hospital, Svendborg, Denmark, with a validated diagnosis of AMI based on a dynamic rise in troponin-T Ͼ0.1 g/l, as well as either typical symptoms, characteristic electrocardiographic changes, or both. The study was approved by the Regional Ethics Committee of Southern Denmark and The Danish Data Protection Agency, and written informed consent was obtained from each patient. Assessment of glucometabolic control. In patients with no history of diabetes, a 2-h OGTT was performed before discharge. After an overnight fast, a 75-g glucose solution was administered and capillary blood glucose levels were measured using a HemoCue 201 ϩ glucose analyzer (HemoCue AB, Ä ngelholm, Sweden). Patients were classified according to the 1999 World Health Organization criteria for whole blood glucose levels (11) as having newly detected DM if fasting blood glucose was Ն6.1 mmol/l (110 mg/dl) or if the 2-h post-load blood glucose was Ն11.1 mmol/l (200 mg/dl). Impaired glucose tolerance (IGT) was defined as a 2-h post-load blood glucose Ն7.8 mmol/l (140 mg/dl) unless fasting blood glucose met the criteria for newly detected DM. Impaired fasting glycemia (IFG) was defined as a fasting blood glucose Ն5.6 mmol (100 mg/dl) unless 2-h post-load blood glucose met the criteria for newly detected DM. Assessment of LV function. Echocardiography was performed immediately after enrollment, using a Vivid 7 ultrasound system (GE Medical Systems Inc., Horten, Norway). Images were blinded and analyzed offline by a single investigator.
The LV end-systolic and end-diastolic volumes were measured from standard 2-dimensional apical 4-and 2-chamber projections using Simpsons biplane method, and LV ejection fraction (LVEF) was calculated (12) . Mitral inflow was assessed in the apical 4-chamber view, using pulsed-wave Doppler echocardiography, with the Doppler beam aligned parallel to the direction of inflow and the sample volume at the leaflet tips during diastole. From the mitral inflow profile, the E-wave peak velocity and E-wave deceleration time (E DT ) were measured (13) . The transmitral filling pattern was considered restrictive when E DT was abnormally abbreviated (E DT Ͻ140 ms), which is suggestive of elevated LV filling pressures (14) . Pulsed-wave tissue Doppler imaging of the mitral annulus was obtained from the apical 4-chamber view, using a 2-mm sample volume placed in the lateral mitral valve annulus, and the ratio of early transmitral flow velocity to early diastolic mitral annular velocity (E/e=) was calculated. Previous studies have shown a good correlation between E/e= and LV end-diastolic pressure, 
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and a strong association with outcome in patients with AMI (15) . Doppler recordings from at least 5 consecutive heartbeats were analyzed (10 in patients with atrial fibrillation). Ectopic and post-ectopic beats were disregarded. From apical 4-and 2-chamber projections, left atrial volume was measured in end-systole using the biplane area-length method and indexed for body surface area. The resulting volume index was dichotomized at 32 ml/m 2 in statistical analyses (16) .
Laboratory analyses. Blood samples were drawn in the morning on the day OGTT was performed or on the subsequent weekday. Plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels were analyzed using an ELECSYS proBNP immunoassay (Roche Diagnostics GmbH, Mannheim, Germany). The NT-proBNP concentrations were logarithmically transformed in all statistical analyses. Follow-up and end points. Survival status of all patients was obtained from the Danish Civil Registration System 12 months after inclusion of the last patient, yielding a follow-up period ranging from 12 to 34 months. The study had a primary end point of all-cause mortality and a secondary end point being a composite of death or hospital admission for congestive heart failure. , and NT-proBNP and glucometabolic status. Assumptions of proportionality and linearity of hazards were met for all variables. A 2-sided p Ͻ 0.05 was considered statistically significant in all analyses.
R E S U L T S
Prevalence of abnormal glucose metabolism. A previous diagnosis of DM was present in 30 (15%) patients. *Includes patients with a previous diagnosis of atrial fibrillation as well as patients with newly detected atrial fibrillation during index hospitalization. BMI ϭ body mass index; BP ϭ blood pressure; CHF ϭ congestive heart failure; CK-MB ϭ creatine kinase-myocardial band; DM ϭ diabetes mellitus; HbA1c ϭ glycosylated hemoglobin; IFG ϭ impaired fasting glucose; IGT ϭ impaired glucose tolerance; IQR ϭ interquartile range; LBBB ϭ left bundle branch block.
Dysglycemia in AMI
In the remaining 173 patients, OGTT was performed a median of 3 days (interquartile range: 2 to 4 days) following hospital admission. From the total cohort, 45 (22%) patients were classified as newly detected DM, 56 (28%) as IFG/IGT, and 72 (35%) as having normal glucose regulation. Thus, among patients without a previous diagnosis of diabetes, 58% presented with abnormal glucose regulation. Baseline characteristics are shown in Table 1 . Patients with abnormal glucose metabolism were generally older and more frequently presented with clinical signs of heart failure (i.e., Killip class ՆII). In-hospital treatment, which was administered at the discretion of the treating physicians, is shown in Table 2 . Glucose metabolism and LV function. Echocardiography was performed a median of 2 days *Includes CABG procedures planned during index hospitalization but performed after discharge (within 8 weeks). ACE-I ϭ angiotensin-converting enzyme inhibitor; ARB ϭ angiotensin receptor blocker; CABG ϭ coronary artery bypass graft; PCI ϭ percutaneous coronary intervention; other abbreviations as in Table 1 .
Høfsten et al. Dysglycemia in AMI (interquartile range: 2 to 4 days) after admission. Figures 1 and 2 show LV function and NTproBNP levels according to glucometabolic state. After adjustment for age and gender, a statistically significant linear increase was observed with increasing degree of dysglycemia for all variables except left atrial volume index (Figs. 1 and 2 ), also after further adjustment for atrial fibrillation, treated hypertension, and hyperlipidemia (E/e=: p Ͻ 0.001; restrictive filling: p ϭ 0.04; NTproBNP: p Ͻ 0.001); LVEF: p ϭ 0.03; LV end-diastolic volume: p ϭ 0.01; LV end-systolic volume: p ϭ 0.02). Similar linear trends were also seen when limiting analyses to patients with a first AMI (E/e=: p Ͻ 0.001; restrictive filling: p ϭ 0.01; NT-proBNP: p Ͻ 0.001; LVEF: p ϭ 0.04; LV end-diastolic volume: p ϭ 0.13; LV end-systolic volume: p ϭ 0.10).
Prognostic implications of abnormal glucose metabo-
lism. During a median follow-up of 21 months (interquartile range: 16 to 28 months), 32 patients died. The secondary end point was met in 39 patients. Kaplan-Meier event-free survival curves are shown in Figure 3 . After adjusting for the pre-specified potential confounders, a gradual increase in hazard was observed with increasing degree of dysglycemia (Table 3) . Although IFG/ IGT was not an independent predictor of outcome, an apparently linear increase in hazard ratios was observed across the spectrum of dysglycemia (Fig. 4) .
D I S C U S S I O N
In a population with AMI, we demonstrated a linear relationship between LV function and abnormal glucose metabolism from impaired glucose tolerance to overt diabetes. This association could represent an important pathophysiological link between dysglycemia and cardiovascular mortality. However, even after adjustment for LV systolic and diastolic function, abnormal glucose metabolism was still associated with an increased risk of death and hospitalization for congestive heart failure. This implies that the relationship between glucose metabolism and prognosis extends beyond differences in LV function.
Recently, several studies have reported a prevalence of newly detected DM ranging from 22% to 31%, and IGT from 32% to 39% in patients with AMI (8, 9, 17, 18) and stable coronary artery disease (17) . This is comparable to our findings of 26% and 32%, respectively, and substantially Kaplan-Meier survival curves for the primary (all-cause mortality) and secondary (death or hospitalization for heart failure) end points stratified by glucose metabolism. Log-rank: p Ͻ 0.001 for both end points. Abbreviations as in Figure 1 .
higher than the prevalence in a recently published large community-based study (19) . This emphasizes the significance of dysglycemia as a risk factor for development of cardiovascular disease.
Previous studies have shown that known DM is associated with impaired LV function after AMI. In the MILIS (Multiple Center Investigation of the Limit of Infarction) study, LVEF was comparable in the acute phase of AMI, but by 10 days, it was significantly lower among patients with known DM compared with nondiabetic patients (10), indicating that dysglycemia has an unfavorable influence on early LV remodeling. Our data extend this observation to markers of LV filling and furthermore suggest a linear relationship with dysglycemia that continues below the diagnostic threshold of DM. This is in accordance with a recent study by Henareh et al. (20) , in which a correlation between post-OGTT glucose levels and LV myocardial performance index and e=-velocities was reported. This could indicate that dysglycemia may, over time, have deleterious effects on the heart, rendering it more vulnerable to acute myocardial ischemia, possibly through alterations in myocardial structure and microcirculation (21) .
The role of glucose metabolism in LV dysfunction is not limited to patients with AMI. For decades, DM has been recognized as an independent risk factor for the development of heart failure (22) , and a relationship between fasting glucose and the risk of hospitalization for congestive heart failure has been demonstrated among patients at high cardiovascular risk, with or without DM (23) . Several pathophysiological mechanisms have been proposed, including CI ϭ confidence interval; E/e= ϭ early transmitral flow velocity to early diastolic mitral annular velocity ratio; E DT ϭ E-wave deceleration time; HR ϭ hazard ratio; LA i ϭ left atrial volume index; LVEF ϭ left ventricular ejection fraction; NT-proBNP ϭ N-terminal pro B-type natriuretic peptide; other abbreviations as in Table 1 .
Høfsten et al. Dysglycemia in AMI myocardial hypertrophy and fibrosis accelerated by hyperinsulinemia, deleterious effects of advanced glycosylation end products, as well as a metabolic shift toward increased myocardial free fatty acid consumption as a consequence of insulin resistance. Any of these hypotheses could similarly be responsible for the association between dysglycemia and prognosis observed in our study.
Acute physiological stress, such as AMI, is associated with increased release of catecholamines and cortisol, impairing insulin sensitivity and thus inducing hyperglycemia. It is therefore controversial whether a reliable estimate of glucometabolic status can be made as early as 3 days after AMI. On the other hand, a similar distribution of abnormal glucose metabolism has been observed in a population with stable coronary heart disease (17). In another study of patients with AMI, the prevalence of abnormal glucose metabolism remained relatively unchanged when an OGTT was repeated 3 months after discharge (18) . Thus, there is substantial evidence to suggest that the prognostic implications of abnormal glucose metabolism detected using an OGTT at least 3 days following AMI is associated with pre-existing perturbations in glucose regulation, rather than simply being an epiphenomenon of infarct size. Study limitations. Neither patients nor their treating physicians were blinded to glucometabolic status at baseline. This may have affected subsequent patient management in a way that cannot easily be adjusted for in statistical analyses.
We included patients consecutively with few exclusion criteria, resulting in a very heterogeneous population. Therefore, particularly in patients with prior myocardial infarction, we cannot distinguish the magnitude of pre-existing LV dysfunction from the direct impact of acute ischemia. However, we found similar, associations between LV function and dysglycemia when limiting analyses to patients with a first AMI and after adjusting for atrial fibrillation, hypertension, and hyperlipidemia.
In addition, it should be stressed that the association between dysglycemia and outcome for patients in the IFG/IGT group did not reach statistical significance. However, when comparing the hazard ratios observed for these patients with those of the other glucometabolic groups, the association between the degrees of dysglycemia was strikingly linear (Fig. 4) , which suggests that the absence of statistical significance in these patients is related to insufficient statistical power introduced by analyzing glucose metabolism as a categorical variable. This was however necessary to also include patients with known DM, where an oral OGTT for safety reasons could not performed. The number of covariates used in survival analyses was selected before the collection of data, and because we observed slightly lower event rates than anticipated, these models may also be somewhat overfitted.
C O N C L U S I O N S
The present study demonstrates that although abnormal glucose regulation is associated with impairment of LV function in the early phase of AMI, this relationship does not alone explain the excess mortality in patients with newly detected or known DM. A multidisciplinary approach to the individual patient, including assessment of both LV function and glucose metabolism, may improve risk stratification and outcome after AMI. Hazard ratios adjusted for age, gender, pre-existing heart failure, Killip class ՆII, LVEF, E/e=, E DT Ͻ140 ms, left atrial volume index Ͼ32 ml/m 2 , and NT-proBNP using patients with normal glucose tolerance as reference. Abbreviations as in Figures 1 and 2 . Høfsten et al. Dysglycemia in AMI
